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AlMI.net: Solar activity regions arc frequently concentrated into clusters which persist for many
solar rot ations.  Fhese activity complexes are associated with weak dispersed magnetic fields
which arc most apparent after the activity itself has ccased. We call this combination of persistent
activity and dispersed ficlds FEvolving Magnetic Structures (1 :MS). 1 lere we show examples of
1 ‘MSs and describe the evolution of an 1IMS associated with major Coronal Mass Fjections (CM E)
and other solar and magnetospheric disturbances. We show that CMUE is occurred throughout the
history of this 1 :MS. Wc find that the time scale for important evolutionary changes inthe HMS is
about 3 to 6 wecek &, 1.¢. about g complete solar rotation or more. T11ws studies of individual EMSs
require that cach 1 {MS be observed cent inuously for several weeks, necessitating observations of
both sides of the Sun.

1. Introduction

Bumba and Howard ('] 965) studied the distribution of active regions and of weak magnetic ficlds
on the Sun. They concluded that active regions were concentrated into complexes of activity
associated with the developme nt of large 1 cgions of dispersed magnetic fields. ‘1’0 emphasize (he
Close relation of the complexes of activity and the regions of dispersed fields we suggest that they
be considered to be one entity which we call f ivolving Magnetic Structures (1HMS) (Feynmariand
Hundhausen, 1 994).  This name also emphasizes the fundamental magnetic and evolutionary
nature of both phenomena, 1:MSs arc probably closely iclated to the evolutionary structures

described much earlier by Kiepenheuer (1 1953) from 1 1o, observations of sunspots and filaments.
He reported thatin their carly stages sunspots emet ged and there were few if any filaments. 1.ater,
as morc active regions emerged flaring occurred and fi laments began to form, lengthen and rotate

toward an cast -west direction. in the final stage, several rotations later, the spots had all

disappeared, flaring had ceased and (rely large scale quiescent filaments remained.

By now statistical studies of solar activity have demonstrated conelusivc]y that solar activity and

cmerging solar flux are not distributed at random on the solar surface (Gaizauskas et al. 1 983;




Brouwer and 7. waan, 1 990). Instead there is astrong tendency for the new flux to appear in
certain regions. Magnetograms clearly show distinct patterns in the photospheric magnetic field that
persist for many months (Gaisauskas et a, 19!33). 1 larvey and Zwaan ( 1 993) found that a. least
55% of all spots larger than 3.5 square degrees emerge as part of activity nests. New magnetic flux
and sunspots emerge over and over again within these HEMS patterns. Gaizaukas etal. (1983) gave
an cxample of a pattern that lasted for 6 months and contained 29 major active regions. After
several rotations the emergence of new sunspots may cease but dispersedmagnetic fields may still
bescen. Sometime.s, after onc or two rotations with only dispersed fields, new sunspots again
appear and flaring resumes. It has been proposed that the clustered sunspots may represent the
submerged flux loop arches from whichactive regions repeatedly emerge (Zwaan and 1 larvey,
1994).

2. A quiet Sun EMS

Figure ] shows an example of an EMS at solar minimum. Fach of the sixpanelsis a synoptic map
of the. photosphericmagneticfield intensity as measured by the National Solar Observatory at Kitt
Peak. A synoptic map is produced from daily measrementsby showing the magnetic flux at
central meridian passagecollected over the 27 days of the solarrotation. The figure is agrayscale
presentation in which the flux is represented in g dark (field into the Sun) and light (ficld out of the
Sun) scale. 1 ,ow field intensities appear as gray. The six panels of the figure show ficlds observed
between the equator and a latitude of 40 degrecs southduring six successive. rotations of the Sun.
Note that between 80 and 120 degrees solar longitude there is a structure in the magnetic field that
returns with cach rotation but evolves from one rotation to the next. Sunspots and newly emerging
magnetic ficlds are observed in the first 3 or 4 rotations shown, butin the final rotation, only
dispersed fields are seen. The magnetic field pattern has simplified and a magneticncutral line is
clearly seen. This is the type of magnetic field structure in which filaments folin.

3, CMIs and EMSs

CMUis arcassociated with major flares and with filament eruptions (Gosling ctal., 1 974;
Munro et al. 1979; Webb and I lundhausen, 1987). 1ikewise CMIis are associated with
sheared magnetic fields and with the emergence of new magnetic flux (I ‘cyniman and
Martin, 1995). in all cases, apparently the same type Of l:wge-scale coronal structure 1S
destabilized and leaves the Sun (Hundhausen, 1 994). Typical Jatitudinal widths of these
structures are about 45 degrees (Burkepile and St. Cyr, 1 993), much larger than the. scale
of the underl ying flare or filament. It has been argued (1 ‘cynman and Martin, 1995) that,




with the. possible exception of theinitial acceleration profile (MacQucenand Fisher, 1983),
no cleat characteristic has been identified that distinguishes between CMEs associated with
flares, and those associated with quicscent filament eruption, or magnetic shear or newly
erapting flux. This suggests that all CMLis, whatever their association, are initiated within
the same type of large-scale, well organized, magnetic ficld regions (Hundhausen, 1988;
Feynman and Hundhausen, 1994). Since an EMS is a singlc entity that involves flaring,
active regions and quiescent filaments, magnetic flux eruption and magnetic shearing,
Feynman and Martin (1995 ) have suggested that CMEs take place during all stages of the
evolution of the EMS and the CMLis are associated with flares or rising prominences
(disappearing filaments), and erupting flux o1 shear depending on the stage of cvolution of
the EMS.

4. An active Sun EMS

In March 1989 an active region produced a series of a major CMEs, a large solar energetic
proton event and a very intense geomagnetic storm (c. f. Feynman and Hundhausen, 1994
and references therein). The active region was a return of one that appeared on at least one
previous solar rotation and reappeared on the following rotation (Joshi, 1993), thus
gualifying it as an EMS. Here we describe the evolution of that EMS and its relationto
CMEis throughout its evolution.

Figure 2 shows stacked synoptic maps from the North  Solar Hemisphere from November,
1988 ((Barrington rotation1809) through May, 1989 (rotation 1815). This was a very
active period of the Sun and there were ninny EMS candidates. As in the case of the EMS
shown inFigure 1, changes in each of the activity centers took place during asingle
rotation. At solar minimum it was simple to unambiguously identify the returns of the
EMS because there was very little other activity. However, in Figure 2, although it is clear
that activity centers rcturn, it is sometimes difficult to choose among the possible
recurrence s of a particular center. "The region that produced the March events appears on the
third strip from the bottom and at a solar longitude of about 250 degrees, Joshi (1993) has
identified returns on the previous and the following rotation as shown between the white.
lines in the figure. The data show evidence.that this EMS existed during three rotations
before thosc identified by Joshi. The activity during the rotation after the March events
(sccond strip from the bottom) was much diminished, On the next rotatio n only dispersed
fields were seen. The rotation after that (not shown) also showed only dispersed fields.



The rotation rate of the 1 {MS was a little less than 27 days. This isin agreement with the
findings of Gaizauskas et a. (1983) who reported that each 1 {MS hasits own rotation rate.

4.1 Magnetic flux and flaring

EMS magnetic flux changes between returns and during disk passage. A rough estimate of
the flux in a region can be obtained from the arca of the sunspots. The arcas are routinely
determined each day from full disk observations. Figure 3 gives an indication of the flux
history for this EMS. The figure gives anestimate of the arca of the sunspots when the
active region was a 60 degrees Fast and 60 degrees West. The Fastand West longitudes
arc chosen to be equal so that projection effects will not affect the relative flux
determinat ion. The sunspot arcas are given in units of 10 of the visible solar hemisphere.
The sunspot arcas for the March rotation, the preceding 2 rotations, and the following
rotation arc shown in Figure 3. A solid line connecting points indicates that the region was
on the. observable faccofthcSLm. If there is a dashed line the region was too close to the
limb or on the far side of the Sun. In the discussion [hat follows the rotation in which the
March events took place will be referred teas rotation (), the preceding rotations will be
called -1, -2, etc. and the following rotations -t 1, +2 etc.

During rotation -2 the sSUNSPot arca increased from about ] §() to about 1400” and the spot
countincrecased from about & to 2«1. Remarkably, inspite of this large quantily of cimcrging
flux, there was only one class M X-ray flare during that rotation. ( X-ray events arc

classified as C, 4, and X, C indicates 10 w/m” and Mand X are each onc factor of 10
higher.)

By the time the EMS reappeared (rotation - 1) the area had further increased to about 1800~
and there were about 32 spots. During rotation -1 nine X-ray flares of class M or above
took place and both the' arcaand spot countdecrcased by about a factor of two. The 1:MS
appeared to be declining.

Although rotation -1 showedwaning activity, by rotation () the area had recovered to 2000.
}ven before the spot group had come over the 1iastern limb a series of highspeed CMUis
had begun (Yeynman and 1lundhauscn, ] 994).

Dduring the O disk passage the arca rcached 3000 and the sunspotnumber reached 50. The
sunspot magnetic configuration was highly complex and Joshi ( 1993) classified the region
as “superactive”. The active region was the most prolific X-ray flare producer in the



preceding 15 years. There Were several spectacular sudden energetic solar events as the
center of activity was carried across the face of the sun (Abbott et al., 1993). Thescinclude
aMarch 6 event during which the GOLS X-ray monitors went off scale. This was
estimated to be. a class X 15 event, the largest ever seen (o that date, On March 9 a X4 event
occurred. March 10 had an X4.6 event that caused the geomagnetic storm of March 13
which included the most disturbed 24 hour interval in 120 years (Allen c( a. 1989). On
March16 a 3B flare occurred accompanied by bright surges over 34 degrees in extent. All-
together during disk passage 0 there were 35 class M flares and an additional 10 class X
events. At least 195 individual optical flares were observed. Three CMlis were observed
(March 6, March 9, and March 17). 'The associated solar energetic particle event was the
largest since ]972. None of this activity could have, been predicted because the re-
encrgization of the EMS took place while it was on the far side of the Sun.

When this EMS was at 60 degrees West and about to go over the limb its arca was alimost
the same as it had been at central meridian passage. However, while it was unobserved, cm
the far side of the Sun, the sunspot arca and number declined precipitously. Only a small
arca (90) and a fcw spots (~3) whicre present on the + 1 return. It would have been
extremely interesting to observe the phenomena associated with this precipitous decline of a

“superactive” region.

Not unexpectedly, there were nosunspots during the -t 2 return. However a huge guicscent
filament had developed. The filament channcl included the ncutral line of the dispersed
ficlds but was much longer. The filament was over 160 degrees in longitude and over 60
degrees in latitude. During this disk passage a section of the filament erapted. A section
also disappeared during rotation +3 (not shown).

4.2 CME history

Studies of the CMI: history of this EMS were hampered by the usual difficulty that CMtis
arc only visible when they occur within 2.5 days of limb passage. Furthermore, CMlis are
often not centered over the associated active region (Harrison and Sime, 1989). Table 1
lists CMEs that can be reasonably associated with the activity complex near the limb on the
basis of the CMi position and time of eruption. The data are from Burkepile and St.Cyr
(1993). The table gives the. date of the CME and the latitude of its center. During four
consecutive rotations (-3 to O) eight CMtis were observed at about the comet place and
time. The Bast and West liinb CMUis during rotation () have been described at lengthin the
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literature (Feynman and Hundhausen, 1 994). The consistency of the. west limb position for
four CMIEis observed on three different rotations is remarkable. During the returns after
rotation 0 N0 CMLEs were seen when the active region would have been near the limb.
However, since filament eruptions normally occur in association with CMEis (c.f. Feynman
and Marlin, 1995), continuing CMFE activity can beimplied from the two filament eruptions
that occurred during rotations +2 and -t 3. Thus CMI? activity occurredduring atleast six
relations of this i MS.

5. Future MS studies . observational difficulties and their solutions

EMSs have typical lifetimes of 6 months or more during which they may repeatedly giverise to
coronal mass ejections and have important solar-terrestrial effects. The extraordinary tendency for
repeated flux emergence over such long time p eriods and the wce] ordered dispersed fields suggest
that EMSs are fundamental entities for understand ing the solar cycle and the solar dynamo. In the
example studied here daily observations showed that the 1MS flux built to a maximum while the
region was onthe far side of the Sun,major CMliis took place when the region was on this side Of
the Sun and the region exhausted itself precipitously while on the far side of the Sun. These three
important steps in the evolution, build up, CMlLis and decline, took place during a period Of about
oncanda half solar rotations. 'T'hus there IS a serious observational difficulty. Assuming one and &
half solar rotations isatypical time scale, not all of the crucial evolutionary steps for a single 1:MS
can be observed. in the. case discusscd here the buildup to maximumand the rapid decline where
not actually Observed.

This observational problem has plagued studies of EMSs and contributed to the curious situation
that, athough 1:MSs appear to be fundamental to the operation of the solar d ynamo, very littlc is
known about them exceptthat they exist and are common. 1 ndividual 1:MSs have lifetimes of many
months and wc! have shown here that impel’[ant evolutionary changes within them take place on
time scales Of weeks. “1'bus, if they are observed houtly or daily fromonlyoneside of the Sun, the
¢ volutionary changes withi n any one individual evolving structure can not be satisfactorily
followed. Iu fact, without observing the other side of the Sun, it is often difficult to determine
whether or not an individual sunspot group appearing on the cast limb is the return of a group last
seen 13 days earlier disappcaring over the west limb. Since these phenomenainclude some. of the
most important entities for understanding the operation of the solar activity cycle, theinitiation and
acceleration of CMUEs and forecasting and monitoring solar weather, it is vital that the handicap of

single-solar-hemi sphere observations be overcome.



Themost straightforward way to accomplish thiswouldbe to stationaspacecrafl so thatit views
the other side of the Sun continuously. An orbit that accomplishes this has been identified. Data
from the other side of the Sun (combined with whatever obscrvations are taking place on this side.
of the Sun) would allow the 1MS to be observed 20 of the 27 days of asolar rotation. (During the
other 7 days the. EMS would be t00 close to the limb.) Observations of 1XMSs would then be
continuous cnough to study the evolution of individual 1 {MSs. Such observations would very
much facilitate studies of the role EMSs play in the solar cycle and in the operation of the dynamo
[Parker, 1 978; Zeldovichet a., 1983].
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Appcarance number

+3

Table 1- Coronal Mass Ejections

ALk - —" — "— West limb

Dec. 9, N22 deg. Dec. 27, N38 deg.
Dec. 23, N38 deg.
Jan 7, N35 deg. Jan 21, N37 deg.
eb. 4, N48 deg. none
March 6, N56 deg. March 17, N38deg.

none nonce

filament section disappcars, implying CME

filament section disappears, implying CME
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Figure captions:

Figure 1. Stacked synoptic maps of the photospheric magnetic field during solar minimum. The
carliestrotat ion appears at the. top of the. figure, 1.atitudes between zero and forl y degrees south arc
shown. An EMS is secn gt about 90 degrees solar longitude. (data from NSO/Kitt Peak).

Figure 2. The same as figure 1 but for an active solar period. I.atitudes shown are between 5
degrees south and 50 degrees north. The } :MS associated with the March 1989 events appcars
between the white lines. The active center associated with the March events themsclves is seen in
the third strip from the bottom.

Figure3. An estimate of Sunspot area in the EMS during four returns. The time scale isin days,
and the zero day is chosen to be the time when the region was at 60 degrecs Fast on rotation -2.
Two data pointsare given for each rotation , when the active region was 60 degrecs Hastand West
of central meridian passage.
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